Objective. To study the changes in body mass index (BMI) in a population-based cohort and their relationship with sociodemographic variables in a Mediterranean-country.
Introduction
The prevalence of obesity has increased in most European countries, particularly in Mediterranean and Eastern European countries (Sanz-de-Galdeano, 2005; IOTF, 2002; Haftenberger et al., 2002) , and in the USA (Flegal et al., 2002) . However, these data are of a cross-sectional nature or the result of trend studies which compare prevalence rates reported in surveys with independent samples over time. Prevalence data do not provide estimates on incidence nor on the causal relationship between obesity and its associated factors, thus making it difficult to target those at highest risk (Nemesure et al., 2008) . More long-term follow-up is required to allow a rigorous evaluation of the temporal relations between exposure and disease risk (Mujahid et al., 2005; Williamson et al., 1991; Vasan et al., 2005) . In particular, data on temporal relations, together with repeated measures that allow the assessment of change in exposure, are important for assessing the potential impact of preventive interventions (Willett & Colditz, 1998) and reducing the personal and public health burdens associated with excess body size.
Therefore, the aim of this study is to determine the incidence of overweight and obesity in a population-based cohort carried out on a Southern European population between 1994 and 2002, and its relationship with sociodemographic and lifestyle variables.
Methods
The Cornellà Health Interview Survey Follow-up (CHIS.FU) is a prospective cohort study of a representative sample (n = 2500: 1263 females and 1237 males) of the non-institutionalized population (all ages) from Cornellà de Llobregat, a city located on the metropolitan area of Barcelona, Spain (Garcia et al., 2003) . The cohort was established in 1994 with participants randomly selected from the general population and interviewed face-to-face in their home. In 2002, subjects were contacted and interviewed by telephone. We obtained a 64.3 percent (n = 1608) response from the overall cohort. Detailed information of baseline and follow-up data is available elsewhere (Garcia et al., 2003; Garcia et al., 2005a; Garcia et al., 2005b) . We considered for the analyses, subjects aged ≥ 20 years at baseline with complete follow-up on height and weight (n = 1.008, 508 females and 500 males). The baseline characteristics of participants at starting of follow-up (n = 1897) and end of follow-up (n = 1008) are available in a supplementary table on-line. The body mass index (BMI) was calculated as the individual's body weight divided by the square of their height and standard categories associated with BMI ranges for adults as defined by the World Health Organisation (WHO) were used (WHO, 1995; CDC, 2009) .
The body mass index (BMI) was calculated as the individual's body weight divided by the square of their height and standard categories associated with BMI ranges for adults as defined by the World Health Organisation (WHO) were used (WHO, 1995; CDC, 2009) .
Variables and statistical analysis
The dependent variables were: (a) increasing BMI to overweight/obesity among those subjects with normal weight in 1994 (0: maintained weight, 1: increased BMI to overweight/obesity) and (b) change to obesity in 2002 in those subjects who were overweight in 1994 (0: maintained weight, 1: increased BMI to obesity). The independent variables included sociodemographic characteristics as collected in the 1994 baseline interview: sex (men/ women), age (continuous, and lower or higher than 45 years), marital status (single/married or living together/divorced or widowed), maximum educational level achieved (illiterate or primary studies/secondary or university studies), working status (active worker/no active worker), social class according to occupation (manual/non-manual) (Álvarez-Dardet et al, 1995) , and health and lifestyle variables: self-perceived health categorized as optimal (very good or good) and suboptimal (fair, bad, very bad), alcohol consumption (no consumption: 0 g/day; moderate consumption: ≤ 40 g/day in males and ≤ 24 g/day in females; and risk consumption: N 40 g/day in males and N 24 g/day in females), and physical activity (sedentary/active) (Welsh Heart Health Survey, 1989; Cornelio et al. 2008) , smoking behavior (smoker, former smoker, non smoker), presence of tobacco-related diseases (yes/no).
We first assessed the differences in mean BMI values using the Wilcoxon non-parametric test for two related samples (baseline and 8 years later), after checking that the data did not follow a normal distribution. We computed relative risk (RR) and 95% confidence intervals of increasing body mass index by means of Breslow-Cox regressions, in which we considered the same follow-up period for all individuals (Breslow, 1974; Lee, 1994) . This model provides the RR as the ratio of cumulative incidence rates, and we adjusted the estimates for age (continuous) and sex. Table 1 shows mean values in the BMI for the study population and for individuals that changed to a higher BMI category and annual change in BMI. In the 1008 cohort participants, the mean BMI for men and women combined increased from 25. Table 2 shows the changes that occurred in the study population during the 1994-2002 follow-up period, in accordance with the BMI distribution categories. Out of the total sample (n = 1,008), 28.1% the subjects classified as having a normal BMI in 1994 changed to overweight in 2002. This finding was more pronounced in men (31.6%) than in women (25.6%). Meanwhile, the percentage of people who changed from overweight to obesity was 16.8% for the same period being higher in women (25.8%) than in men (11.2%). Among overweight and obese participants at baseline, 69.7% and 72.1% did not change from BMI category after 8 years. The increase in the prevalence of obesity was greater (25.7%) than the increase in the prevalence of overweight (8.9%) over the 8 years of follow-up. Table 3 presents the cumulative incidence of overweight and obesity and its association with certain socidemographic variables after adjustment for age and sex. The cumulative incidence of overweight in men (34.0%) was higher than in women (26.4%), meanwhile the cumulative incidence of obesity in women was higher (29.9%) than in men (13.1%). At the end of the follow-up period, we observed a statistically significant association between marital status and increasing BMI to overweight (married, RR = 2.0; 95% CI: 1.2-3.4; divorced/widowed, RR = 4.0; 95% CI: 1.7-9.3) and moderate alcohol consumption (RR = 1.86; 95% CI: 1.1-3.1). In the sex and age-adjusted obesity incidence rates, no variable was significant. In the change from Changes in the distribution of body mass index.
Results
overweight to obesity analysis, women showed a greater tendency towards an increasing BMI and, when adjusted for sex and age, a statistically significant lower risk was observed for men (RR = 0.49; 95% CI: 0.3-0.8).
Discussion
This study examined that the cumulative incidence of obesity among overweight subjects at baseline is twice as high in women (29.9%) than in men. In the sex-and age-adjusted incidence of obesity, a statistically significant lesser risk was only observed for men and no association appear with other socioeconomic and lifestyle variables. Of all participants, 16.8% had changed from overweight BMI in 1994 to obesity in 2002 with scarce differences by sex. Changes in the distribution of body mass index through the population (both sexes combined) showed that increasing obesity (25.7%) was significantly higher than the increase in overweight (8.86%).
In Cornellà's population, the BMI mean annual increase was 0.09 units over the 8-year period, at a slightly higher rate in females (0.10 kg/m 2 ) than in males (0.08 kg/m 2 ). Some cohort studies reported in the scientific literature show annual BMI increases similar to our findings, specifically, those studies carried out in England in 1993 -1994 -2003 (Wardle & Boniface, 2008 ) (women 0.12 kg/m 2 and men 0.11 kg/m 2 ). In Norway (Reas et al., 2007; Jacobsen et al., 2001 ) and Sweden as a whole (Nafziger et al., 2007) (Reas et al., 2007; Jacobsen et al., 2001) and Sweden (Nafziger et al., 2007; Berg et al., 2005 ) the population is found to be within the normal mean BMI ranges. All the studies reported that the mean BMI was greater in men than in women at the beginning of each study. Data from the Spanish cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC-Spain) showed different results on the incidence of overweight and obesity between 1992 and 1996 (Mendez et al., 2006) . During the 3-year follow-up, 7.9% of overweight women and 6.9% of overweight men became obese and, among initially normal weight subjects, 13.8% of normal weight women and 23.0% of normal weight men became overweight. The results show that annual changes in BMI were greater in subjects classified as obese than those with overweight, which is in accordance with our findings. A systematic analysis of the incidence of overweight, as used in the Framingham study (Parikh et al., 2007) , showed a combined annual overweight incidence rate of 4.2%, higher in men and coincides with our results. Meanwhile, the Framingham study reports a lower annual obesity incidence rate than our research at 1.8%, which is extremely similar in both women (1.8%) and men (1.9%). The gradual increase in the incidence of overweight and obesity over time indicates that the greater prevalence rates are not just a recent trend (Parikh et al., 2007) . Similar results reporting a higher annual overweight incidence rate (2.6%) than obesity (1.1%) were found in an African population (Nemesure et al, 2008) rates among women almost twice that of men. Direct comparisons with other studies as regards annual incidences should be interpreted with caution and have been used here strictly for comparative purposes.
The results of this study as well as those published in previous comparative studies reveal that obesity currently affects women and men to the same extent. However, our study specifically indicates that the incidence of overweight is much higher in men than in women, Table 3 Cumulative incidence, relative risk (RR) and 95% confidence interval (CI) of increasing body mass index over an 8-year follow-up period according to selected characteristics at baseline.
Normal to overweight/obesity
Overweight to obesity , 2006) . Some of the interesting socio-economic and lifestyle patterns presented in the results of this study are in line with those from other longitudinal studies whilst others differ. The ARIC cohort study showed that the increases in BMI over time were not clearly related to socio-economic factors (Mujahid et al., 2005) . Similar information showed that inequality in adiposity in England is not related to demographic characteristics such as social class or sex (Wardle & Boniface, 2008) . In a Norwegian cohort (Reas et al., 2007) , all levels of income and education demonstrated weight gain between 1990 and 2001, with no differential associations. No significant findings existed between the socio-economic indicators and changes in BMI over time. Some have argued that social and economic gaps in BMI distribution may ultimately be narrow, owing to blanket exposure to an increasingly obesogenic environment (Reas et al., 2007) . However, obesity is characterised by a considerable social inequality, as it is most prevalent among groups with a lower level of education and from manual social classes (Heitmann, 2000) . When interpreting such differences, Lyratzopoulos et al (2005) concluded that the methodological differences in a wider range of factors, including the study population, age of participants, length of follow-up, BMI measurement, measurement of socio-economic status and the analytical approaches used should be taken into consideration.
These results suggest the need to develop strategies in order to reverse today's obesity trends in Mediterranean countries. The fact that the annual increase in overweight and obesity rates affects both men and women indicates that not only diet and physical exercise are the main contributors to the current epidemic. Other environmental factors, in particular those related to policies, economics and advertising also have an impact on the choice of less healthy options by individuals (Millstone & Lobstein, 2007) . In fact, studies on the relationship between dietary patterns in Mediterranean countries and BMI conclude that adherence to a Mediterranean diet was essentially unrelated to BMI (Trichopoulou et al, 2005) , and Mediterranean diet adherence was not associated with overweight incidence in initially normal-weight subjects (Mendez et al., 2006) . Therefore, overweight and obesity are common problems in Mediterranean countries, although they are likely to be related to limited physical activity in conjunction with excessive positive energy balance brought about by the westernization of the Mediterranean diet (Sanchez-Villegas et al., 2006; Trichopoulou et al, 2005; Mendez et al., 2006) .
Due to the small size of the sample it has not been possible to stratify results into the different potentially interesting population subgroups such as, for example, age or social class groups. Unfortunately the questionnaire used did not incorporate dietary items in order to assess the dietary pattern, the calorie intake or specific food consumption that would have been useful in the overall analysis of BMI changes. Finally, some selection bias due to attrition is also possible in cohort studies. In our cohort, almost two-thirds of the subjects who did not respond to the follow-up interview had died or moved to another town, and attrition due to death was more frequent among sedentary people, that in turn, can be related to BMI (Garcia et al., 2005a) . As also shown previously (Garcia et al., 2005a) , attrition was non-random but there was no serious bias in estimates of change and in determinants of change due to attrition.
Conclusions
The increase in the incidence of obesity in a Mediterranean region coincides with the increase reported in other regions, which suggests a similar evolution in the obesity epidemic regardless of Mediterranean dietary patterns in our population.
